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W E BB AT E £ P450 4A(CYP4A)/20-#- =+ 12 v fi B2 /(20-HETE ) /G B @ 18 85 % 4k T5(GPR75) #h3R 7 4 M % 23
(ABS) 2By 3t B 4Pk & b B K R (SHR) /8 T R AR 4 09 BCEAE R BALH] . ik 45 10 R Wistar-Kyoto K 8% A £ *F 1R
205 3% 40 A SHRARVE M 45 [R AT 9 B )G , He FAILE Ak o AR 28 (MOD 40) 363541 Fa bk st B 48 (CAP 41, 10 mg/kg) #= ABS
BB 5720 (ABS-L ABS-H%1,60.120 mg/kg) , #4010 X, K030 B AR R B R ARk, B X 1K, %54 28d,
KoR# 25 M F R B G R i o 7 P o B A B KR B T A B B AR AR KR ILIR R R 3 bR B S F T A
MR E Fh AR AL LR P P E(ROS) AR T B A & A — AL R 48 (eNOS ) .CYP4A .GPR75 ., #: B F -kB p65 (NF-kB p65) \ B4 1 NF-
KB p65 . p220 3 JR A A B M M vR oA — A5 R AR BR AL EE 4(NOX4) ¢ & ik, R #2528 dJ5, 5 MOD #1164, ABS-L  ABS-H
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SRR B E AR (P<0.05 3, P<0.01) ; — AL R AB BACAD BALER BB H kT Bk B Ao it BAL SB K P 3 2 595 (P<
0.05 3% P<<0.01) ; J £ 3 bk P35 IR 22, B 20 IS 25 &5 A £ 3 Bk 7 ROS .CYP4A .GPR75 . p22" F= NOX4 #9 & ik & NF-kB
P65 & & 8 B B ALK T35 B2 T R/BAK (P<<0.05 3% P<<0.01),eNOS # & £ 3 B % L (P<0.05 3% P<<0.01)., Z5if ABS#EEY
T4kl it TR CYP4A &34, & ¥ 20-HETE A 5., #74) GPR75 #7% , 3t 47 4) T 7% NF-kB #= NOX4 49 & 4L, A 20k % SHR %9 £ 5 K
% e A L, MK B 7 ot R AR 5K o B R AG
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Improvement effects and mechanism of Achyranthes bidentata total saponins extract on vascular endothelial
dysfunction in spontaneously hypertensive rats
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China)

ABSTRACT OBJECTIVE To investigate the improvement effects and mechanism of Achyranthes bidentata total saponins
(ABS) extract on vascular endothelial dysfunction in spontaneously hypertensive rat (SHR) based on cytochrome P450 4A
(CYP4A )/20-hydroxyeicosatetetraenoic acid (20-HETE)/G protein-coupled receptor 75 (GPR75) axis. METHODS Ten Wistar-
Kyoto rats were taken as the normal control group. Forty SHR were first stratified by systolic blood pressure and then, within each
stratum, randomly assigned using a random-number table to the model group (MOD group), captopril positive control group (CAP
group, 10 mg/kg), ABS low- and high-dose extract groups (ABS-L group, ABS-H group, 60 and 120 mg/kg), with 10 rats in
each group. Animals in each group were given the corresponding drug or equal volume of pure water by gavage, once a day, for
28 consecutive days. After the last administration, systolic blood pressure of rats was measured. The levels of vasoactive
substances, inflammatory factors and oxidative stress indicators in serum were measured. The pathological changes of rat thoracic
aorta were observed. The level of reactive oxygen species (ROS) in aortic tissue was analyzed. The expressions of endothelial nitric

oxide synthase (eNOS), CYP4A, GPR75, nuclear factor-«B

4 EHETE W H A FHUR T H (No.242300420104) 5 4T R 965 (NF-kB p65) , phosphorylated NF-B p65, p22*, and
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reduced nicotinamide adenine dinucleotide phosphate oxidase 4
(NOX4) in thoracic aorta tissue were detected. RESULTS
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decreased significantly. The levels of 20-HETE, angiotensin II , interleukin-13, interleukin-6, tumor necrosis factor-a, intercellular
cell adhesion molecule-1 and malondialdehyde in serum were significantly reduced (P<<0.05 or P<<0.01), while the levels of nitric
oxide, superoxide dismutase, glutathione peroxidase and catalase were significantly increased (P<<0.05 or P<<0.01). Intimal
damage of thoracic aorta was reduced, and endothelial cell morphology was improved. The expressions of ROS, CYP4A, GPR75,
p227>, NOX4 and the phosphorylation level of NF-kB p65 protein in thoracic aorta were down-regulated or reduced (P<<0.05 or
P<0.01), while the expression of eNOS was up-regulated (P<<0.05 or P<<0.01). CONCLUSIONS ABS extract may alleviate the
inflammatory response and oxidative stress in SHR effectively by down-regulating the expression of CYP4A, reducing the
production of 20-HETE, inhibiting the activation of GPR75, and subsequently suppressing the activation of downstream NF-kB and
NOX4, thereby improving hypertension-related vascular endothelial dysfunction.

KEYWORDS Achyranthes bidentata total saponins extract; hypertension; vascular endothelial dysfunction; 20-hydroxyeicosate-

traenoic acid; cytochrome P450 4A
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G T N A T8 R 20 i €4 3 P450 (cytochrome P450,
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20-HETE) , 20-HETE A ] B 4175 57 1 UL 4 i i 25
Ak T L A S R R L DT | A Il A A L A g
5 G F1 B 3Z 1K 75 (G protein-coupled receptor 75,
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BAWAESCEE - . B, A5 UL %5¢ ABS 42 5K
WXk % g i H K B (spontaneously hypertensive rat,
SHR) ML EHE BT JAE N 5~ . CYP4A/20-HETE/GPRT75
B2 (R S, Ay — 2 I HC A e I A DG PN B D
P VE R SO AE AL SR LA

1 #F#
1.1 EEUEE

AT BT A 3= 2 AL A8 A < Synergy NEO il 4 1j i
fif A7 A% ( € [ Bio-Tek 23 7)) , RM2245 #I 4] |- AL (1% [
Leica /s Al ) , BP-2010A %I 24 Jo 41 1fi A2 ( H 7% Softron
PR SAt)  IXT3 RIZOE s . CX33 B2 il il e ( H
A Olympus 23 7] ) , Fluor Chem R U¥%E I BAZ /3 AL (€
ProteinSimple A 7] ) o
1.2 EFEHmEIRF

A RUOR M A RS TP IR A FRA R &
4 B 2509 B T EE AR I ST 5 e, N SRR 2F
A. bidentata Bl. /)T 1R ; -RIGEF] v (L5 23080111,
A% 25 mg) M [ MR 25T A BRA A NOVN R 1
(endothelin-1, ET-1) | 1 4 it /- % 1B (interleukin-1p, IL-
1B) FTIL-6 1 i HK 595 W B X5 (ELISA) i & (it
435114 m1093036 . m1002890 . m1107050 . m1064292 ) 4] 114
F B A: MR A BR A W] 5 AR AR B AL T (super-
oxide dismutase, SOD) 2+ H ki & (L Wi ( glutathione
peroxidase , GSH-Px) . i %8 fb & /#f§ (catalase , CAT) .
fi% (malondialdehyde, MDA ) 4 I 12 571 £ (41t 5 43 51 M
20240821, 20240906 , 20240903 , 20240828 ) ¥4 1y [ 14 5t
A ) TR S A BRA WD 5 i 4 5 5K 2 1T (angio-
tensin I , Ang- 11 ) I IRFEH + o (tumor necrosis fac-
tor-o, TNF-av) . 4118 (8] 5 FF 437 1 (intercellular cell adhe-
sion molecule-1,ICAM-1) 1 ELISA ik 7 & (L5 4351 N
CSBE04494r ,CSBE11987r ,CSBE04576r) ¥4Iy [ 27 1¢
S TFEAT FR N 7] 5 20-HETE f4 ELISA i 7] & (41t =
20HG1) 1 [ 3 [E Detroit R&D /A 1 ; 71 A -1 (HE)
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Ye iRk & A £4¢ (dihydroethidium, DHE ) 4541 (4t
S350k C0105S . Y257746) ¥ [ 1 i 55 25 KA 14
ARABRA ] R CYPAA B si TR AR N J A — 41
1k & & Hf# (endothelial nitric oxide synthase, eNOS) £ 7%
BEPUMAR ARl p22m 2 5 BB AR AR i S e W i i i
B L 2P R SRR 1 G T (#4301 ab140635
ab317582.ab191512,ab6721) 114 [ 9% [F Abcam 2\ 7 ;
4 I GPR75,NF-«kB p65 . i fid ft. NF-kB p65 (p-NF-«B
p65) .NADPH %L if 4 (NADPH oxidase 4, NOX4) FlH
T -3- W R MK &L B (GAPDH) Bt ik (it 5 20 51 N
DF2761, AF5006 . AF3387 . DF6924 . AF7021) 4 Il 4 &
[ Affinity 23 7

1.3 LY

40 FUMEYE SPF 2% 8 JEl#% SHR Kz 10 H[F) 75 5 | [a] E %
() 1P Wistar-Kyoto (WKY) & B (1A 180~200 g) ¥
W 19 b 438 R AL S0 SR AR A BN | s 71
ALIES R SCXK (52 )2021-0006, sh# A5 , 4 35 T-i]
R BRI SE B SIS o TRl SR R Sy 22~
25 °C HFIXHREE N 50%~60% ., 4525 A% g 44 v B
2 BF 9% B 52 96 30 W 18 B 2% B 2 b o (At ofE 5
HNTCMDW-20240301)

2 FHik
2.1 ABSIREMIAFI&

PR TRTROR R i, ik 20 B . FREX 200 g 25800 K
JIA 8453114 95% £ BE AR A2 B 3 UK, BRI 1 hs
IF 3WARHU , 70 °CoK IR HEZE W 4 22 ToREIA , FH 4li7KKs
FIRAEBOREZS 2 2 L, H A 10 min, $l1J8 ; 7 4300 mL
VB , ik D101 AU R FL WL B BE AT, SR 05 FH 1.2 L 4ligk
PR KPR LAY, TR T0% 2B 1 LYER , dE 2
B TR T4, A5 51 ABS SR . ASFIICR BN R
JZ B R RS-0 WL e B HE T T, A5 B4R
b ABS 1) 5 5 R 54.76%

22 YN BEHRE

BT AT R B R MM S 1S K 10 H WKY KRR
R TE 6 BB ZH (CON 4H ) ;40 2 SHR Ze AR H Wi 46 JE 217
I3 B BN 7 3R5 0 BRI 4L (MOD 4) . RHE
1] 1 Sk B 4H (CAP 4, 10 mg/kg, 748 2% SCHk[10]
WE ) F ABS $2 B | = 7 it 40 (ABS-L . ABS-H 41,
60. 120 mg/kg, & 2% CHK[T]# H ) , B4l 10 2,
CON £H I MOD 21 K FlE 15 4lizk , A 4R BRI B M
N, 4 2R 10 mL/kg, K IR, E2E4524 28 d.
2.3 WHEENE

3T A 2R R 2 )5 T.14.28 d, R B A
I 30 A S A BRI B s A &4 s I i 5 £
GG H R o W5 B, JE AT E o R B A m

TEZEG; 2026 455 37 5 3 1

10 min, RNk AR R K R HFE S, BTG T
o P TAEH & AFEI & H Y 15:00—17:00 #£47 .
e HORBRUER A 0 £ 3 K, BCP- (A A4 H e T
2.4 MiEA I EEEY R RIE B T SR BIE Rk
FEE

RGN G, 2 HRREEEAREEK 12 h, 7 TEST
20% 530 (5 mL/kg) R, SR J5 I B sl ki . ke
F4°CTFLAL 000X g BE.Cr, 43 85 IR , 4% JEOGS 7 (14345
AU I ERAE DU E 1Y b il 48 0 PR BT (20-HETE
Ang- Il \NO.ET-1) . #&5iEHF-(IL-18 . JL-6 \ TNF-at  ICAM-
1) FIEAL 3647 (SOD \MDA .GSH-Px . CAT) i 7K -,
2.5 MIEFRRERSFETHNE

K FHHE Y kg% . B , /N0 73 B8 K BUK 3=
Bk, W58l = S kA —80 °CukAf v AE, I TJn
RGN, UK B2 0.5 em B B BKEE, FH 4% £ 58
FH R i1 5, 28 C T BE TR K L — F 2R W 5 o 48 e )
FOREEN 5 wm) BEU0 R B K Ak J5 #8417 HE e 68, i
JETEIGF A T AR 5 s Ik s BRI A AR 1k
2.6 BIEBIPXFIEERKFUE

K FH DHE SR E AN . 42,57 300 425 1) 7 B i
F PRI T OCT Hr, il 45 JEBE R 5 pm Y o Yl
ZEWE R+ 2% vh W (PBS) I3k 2 min J5 , A 5 wmol/L 1Y
DHE 7£ %5 5 N #EGIE E 30 min; 4 PBS UL B A, %
Y BB S IR, PR IA ROk, RN
Image J 8K} 43 B 1% 74 48 (reactive oxygen species, ROS)
HIZEGHREE , DG BE B K8 ROS 7K Pl .
2.7 HEFNBkH eNOS 7K F 44

SRS BE DGR . K 2,57 W iy sh kbl R
Jii 4t 2K, 1 EDTA $t i 8 2 W AT iR b B &, bl
J5 FHPBS 1566 3 YK, &K 5 min; FB TR 5, L 10% 112
I35 7E = B 1 hs I eNOS — 3t (i B il Ay 1
200),F 4 °C N 10 ; PBS M6 3 Y, T Pt (ke
B2 1:200) , F 37 °C G E 1 h; % it DAPL & 4t
AR, I HPTPO TR E R RS . Jda RZOE R
ST RAEEUR , (A RIA R4 A 0O . H Image
AT H eNOS %G58 B, 5 ' i i B0 3R 1 eNOS 7K
2.8 MJEZIRFKF CYP4A/20-HETE/GPR75 5B X E H
Fixwm

K JH Western blot 7Kz . FRIL2.57 11T A7 it
F Bk (B H 25 100 mg) , Fi RIPA 24/ i HE BULH 2L P i
SV SR F BCA A6 I 2 1 MR B2 J b 2 1 il A e
HU50 pg 8 EAEBEAT 109% |+ e A7 R 4N - 5 TR 445 Tk
i i v ik (FRUAR 120 'V, FLPKASF] 90 min) , HE UK 25 SR 5
L5 (FIL T 200 mA, %% I [H] 60 min) %2 PVDF i, 7E %
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T 1 5% RS W3Ry 31 2 h; TBST RIS , 20 S A —
Pt (CYP4A ., GPRT75, p-NF- kB p65, NF- kB p65. p22™,
NOX4.GAPDH [ B L5 735124 1:1 000, 1:1 000, 1+
500,1:800,1:600,1:800,1:7 000) ,4 °CHF & 1 1% ;
TBST VM5 A Zdt (R L2 1:5 000) , 2 IR &
1 hs i ECL &G GIF4A - . R ] Image T #1432k
1o, LA H I H 5 N2 (GAPDH) 25 L 444 1Y
JKEEAE LB FR0R H 198 1R 57KF , B p-NF-kB p65
5 NF-kB p65 £ [1 5545 (4 JK B2 {8 L (B 78 NF-kB p65 25
H BRI K .
29 SZit=EAHE

K JH SPSS 26.0 #AF#EAT G 3 M o T BER 2
Shapiro-Wilk K 3 3445 5 IEAS 70, Lhx + s s, 241 [1]
Fb AR BA R 2R T 22 004, 2R 18] 79 19 L 452 R H Tukey 62
5. KK #Ea=0.05,
3 H#R
3.1 ABS1REUIXT SHR U 45 E R 220

YRUTTT , 45 AR B W4 R 2 8 3 T CON 4
(P<0.01), #%#5)5,5 CON 4 b , MOD 41 K §L4% %t
o7 s [E] P WA 4 e 34 d 25 7t i (P<<0.01) 5 5 MOD 4 [
B, CAP H R B4 N4 25 )5 7 d FF IR b 35 AR
(P<<0.01), ABS-H 21 K BRI 46 = N 45 25 )5 14 d T
i B AR (P<<0.05 8 P<<0.01) , ABS-L 41 K B9 Wi 4 s
M2 S5 28 d IR W B IR (P<<0.05) . 5K 1,

F1 BHAXBHEBELR (x+s,n=10)

AR

415 it o i X

CON4I 13575+ 12,24 13873£13.12 13846 % 12.86 137624 12,75
MOD4I 1842841735 186,18 1746 188204 1832 189.35+ 18.66°
CAPAL 185.34£ 16.66° 15346+ 15.80° 148.46 % 14.65° 1457141382
ABS-LAL 183.90+ 17.08° 179224 16,69 1132341683 167,16+ 16.75¢
ABS-HI 184,66% 16.75° 17165% 16,14 166,72+ 15.78° 16134+ 15.09°

R2 BEXRIMEFMEFEDRAFLR(xLs,

n=10)
ik 0-HETE/ngl)  Ang-Tl/(nglL) NO/(pmol/L) ET-1/(nglL)
CON4l 4168344428 679241285 BT 103.87+17.68
MOD4! 627.57+71.44 1224041737 20574295 165.39+24.72¢
CAPA 598.35+63.96 756741349 29.79+3.56° 121.76+2025"
ABS.L4I 553,06+ 56.82° 10135 15.9° 25.36+3.04 138,15+ 21.48°
ABSHAL 492,62+ 5140° 88.7134 14,68 B41£341° 12663+ 19.46"

a: 5 CON4 H#, P<<0.01;b: 5MODZ H 4%, P<<0.01;¢: 5MOD
ZH L, P<<0.05,

F3 BHARBRMFHRERFKFILB (x+s,n=10,

ng/L)
gl IL-1p IL-6 TNF-a ICAM-1
CON# 750321164 47141597 1287+ 1.69 2537512106
MOD4 11841+2082* 71361976 24851353 3278012638
CAPA 89.28£16.19" 55.1947.04 1746259 269.07422.29°
ABS-LA 96.62£17.56° 60.50£8.12° 2081297 29341£25.16°
ABS-HA 86.851490° 52871673 16.69+231° 27825 +2343°

a: 5CON L4, P<0.01;b: 5MODZ 4%, P<0.01;¢c: 5MOD
4] g, P<<0.05,

3.4 ABS1REU#3T SHR & H &4 K BB FRK F B
A

15 CON 4 e 4, MOD 21 K B L i H* SOD . GSH-Px
1 CAT 7K F-44 i 3 AR (P<<0.01) , MDA /K- i % 7t i
(P<0.01) ;5 MOD 4 HAZ, % 23 25 4R LML 1 SOD
GSH-Px Fl CAT 7K V- #) il 2 Ft 7 (P<<0.05 5 P<<0.01) ,
MDA 7K - #] g 2 [ K (P<<0.05 5% P<<0.01) , &%
W4,
x4 FHEARMBFHRENLELBIERAKELR (x5,

n=10)
84l SODIKUL)  MDA/pmolL)  GSHPW(KUL)  CAT/(KUL)
CONA 82181026 3831047 9795+ 1353 1267417
MOD4L 4565517 9.64+1.29" 4936+ 7.84 7.1610.86"
CAPHL 67861713 496£0.51° 81.83£9.35° 1055+ 147
ABS-L#4 58324674 732+ 1.06¢ 65.90110.04° 920+1.53¢
ABSHAL 7175865 5494072 $5.64+ 1218 11024164

a: 5CON4 b#,P<0.01;b: 5MODH] H#¢, P<0.01;c: 5MOD
i, P<<0.05,

3.2  ABS#ZEUXT SHR IMLiE A I & Y Bk FRIR 0T
5 CON 4] H 4, MOD 41 K [ IfiL ¥ ' 20-HETE .
Ang- [l FIET-1 7KV 318 2 s (P<<0.01) ,NO K- i 3%
A (P<<0.01) ;5 MOD 41 e 4, 4544 25 20 K UL 35
20-HETE (4 CAP ZH4}) . Ang- [l 1 ET-1 7K -3 i & F%
it (P<<0.05 5 P<<0.01) , NO /K -4 it 2 T+ 25 (P<<0.05
L P<0.01). Z5HRWHE2,
3.3  ABSIEEUIXT SHR I iE A i B F 7K T B =20
L CON 41 b #¢ , MOD 41 K FRUIfiL 7 H IL-18 . IL-6
TNF-a f ICAM-1 7K 35 i 3 F+ 2 (P<<0.01) ; 5 MOD
2HHE A, 45 45 25 4R BRIV H IL-18 L IL-6 . TNF-a 11
ICAM-1 7K - ¥4 & 2 B Ik (P<<0.05 8% P<<0.01) . %%
W3,
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a: 5CON4 b5, P<0.01;b: 5MOD# L4, P<0.01;c: 5MOD
2 HeR, P<0.05,

3.5 ABSIZEUI3T SHR i 3 Sh Ak iR IE LA F HI RN
CON 41 K B 3= sl Dk 45 A0 1E NI SE Ot ,
SRS, v T T LA L HE 51 5%, AR5 R A 1 Bl
5 CON 4 [b# , MOD 41 K B 3 20 Jok P B4 45 b 2%
A LB SRR | N BB ZE R AN S5 IS, PN R AT S
B HLHE P 2L, v R ST LA i 2 5o 2 B
HEFNZEHL s 5 MOD 20 FA, 4545 24 20 K BN 3= ) ik oy s
PO A AN R BE VAR, PN BS54 B P Bz A R 2 A 3
PFEIRF R S, PR AR, S5 R 1,
3.6 ABSTREU#IXT SHR A E BBk F ROS 7K F B 550
5 CON £H [%8 6o BE 2 94.29 £ 11.61 (x £5,n=10,
IR E A, MOD 41 K BRI 3 2l ik Hh ROS 128 58
(158.67 +£20.34) g & #4558 (P<<0.01) ; 5 MOD 4 HL %%,
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100 im

B. ME)D,YH
VI« SR S TR O P BT 5 21 LR S T A DA AT € Sk T g R
Bl JFAXRMENMFERSENENZHE(HELE)

A. CON4

CAP 41 . ABS-L #H #il ABS-H £H & Bl 3 3 fik o ROS 1Y
5O R B (4 Wk 121.22+15.06, 134.31 +17.37.,
118.76 + 15.59) 3 I} &4 55 (P<<0.05 8¢ P<<0.01) . %%
L2,
3.7 ABS1ZEU4I %t SHR A 3 zh ko eNOS 7K F B 55

5 CON 4 [ %)t M 81.55 +11.87(x +5,n=10,
FIEDHES, MOD 41 K UK 32 3l ik eNOS 1925 B
(39.46 +7.18) g F ik 59 (P<<0.01) ; 5 MOD 4 b #%¢ ,
CAP 4 . ABS-L £ Fil ABS-H £H K Ui 3= 51k o eNOS £
PG 0 B (43 9k 73.73+9.95 . 55.65 + 7.67 ., 71.46 +
10.34) ¥ g F 1k (P<<0.05 8¢ P<<0.01), 45H LK 3,
3.8 ABS#EEUYIXT SHR ) F zhik s CYP4A/20-HETE/
GPR75 It X E B RIEHZ N

5 CON 4 [h4: , MOD 41 K B 3 gl ik v CYP4A
GPR75,p22™™ \NOX4 5 [1 ik 7K V- I NF-«kB p65 & [

Eu,

C CAP #H

7,
7
v

T

-\\'\\.

; J/7 4

4,

? 4“
I
)

100 pm 100 um

100 pm nt]

D. ABS-L#1 E. ABS-H4

(A TR Ak 7K SF- 34 2 T8 (P<<0.01) ; 5 MOD 4 [ 8%,
% 25 25 4 K B 3 30 ik o CYP4A (B CAP 441 ) |
GPR75 (& CAP 414 ) . p22™ \NOX4 & 11 2 1k /K S F1
NF-«B p65 5 [ 1) 8 B2 1k 7K - 34 5 3 B A% (P<<0.05 1§
P<0.01), Z5HRILE4.3%£5,
4 g
A5 PN B2 I R 547 06 2 o L ) B PR AIE e

SR e I AT 28 B 40 3 100 (R A, , DXL PR 10 A P
B Ty Re 2 B 6 v i s A HORH DG RE B 1Y OC B OR
mE LA PN R AN AR I TG P 5 2H 1] 1) 4 B
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